Tree growth is a multidimensional trait and families vary for components of growth such as height, diameter, foliage and roots. Therefore, variation in tree growth is better studied by analysing biomass production and allocation than simple traits. In addition, biomass is better linked to products such as pulp and wood energy than simple traits. We analysed biomass of 3-year old open-pollinated greenhouse seedlings of white spruce to determine (1) heritability for biomass production and allocation to shoot and root components, (2) correlations between biomass traits, and biomass traits with primary traits, and (3) correlation between biomass production in the greenhouse and height growth for the same families in the field. The study had a randomised complete block design with single-tree plots, 30 blocks and 58 open-pollinated families. Individual-tree heritability (h 2 i ) and family mean heritability (h ranged from 0.186 to 0.359 and 0.352 to 0.536 for dry weight, respectively. Genetic correlation (r a ) between green and dry weight ranged from 0.943 to 1.015, while r a between shoot and root dry weight ranged from 0.947 to 0.955. In contrast, r a between biomass traits and field height ranged from -0.403 to -0.124. Thus, we conclude (1) variation in biomass production and allocation exhibited low genetic basis, (2) testing and selection for green or dry weight should lead to similar genotypes, (3) biomass allocation may not be easily altered by selection and breeding, and (4) indirect early selection based on seedling biomass would be ineffective for improving field height.
Introduction
Genetic variation in tree growth often is assessed on height, diameter and volume production. The use of height more than other growth traits in tree breeding is due to ease of measurement (KREMER, 1992; ADAMS et al., 2001) , and its high correlation with diameter (YANCHUK and KISS, 1993; WU et al., 1995) and volume (HODGE and WHITE, 1992) , which is a common measure of wood production and marketing in forestry. The increasing emphasis for complete utilization of trees and use of wood as a source of energy makes it necessary for marketing of wood to be conducted by weight rather than volume (AVERY and BURKHART, 1994) . This is because dry weight is better correlated with the final products such as pulp than wood volume is (AVERY and BURKHART, 1994) . When wood marketing by weight becomes routine, tree breeders will have to breed trees for biomass production rather than volume per area. There will also be a need for altering biomass allocation of selected genotypes to maximise allocation to harvestable tree parts.
Genetic studies of old trees have been conducted in conifers and indicate that biomass production and allocation has moderate heritability (ST. CLAIR, 1994a CLAIR, , 1994b . A majority of studies in the genetics of tree biomass has been conducted with tree seedlings predominantly in Pinus species and Norway spruce (WU and YEH, 1997; SONESSON et al., 2002; SONESSON and ERIKSSON, 2000) and have generally revealed low heritability for biomass production. Field progeny trials serve as laboratories for assessing age trends in the genetic variation of many morphological and physiological traits. Therefore, these trials are rarely sacrificed for one-time destructive assessment of variation in biomass production and allocation. In addition, extraction and drying of large tree parts is tedious and time consuming, which may limit the use of old trees for biomass studies. Therefore, indoor and nursery seedlings are excellent genetic materials used to simulate growth variation in field trees.
Most of the reported studies on the genetics of tree biomass equate biomass production with biomass allocation. Like other organisms, plant parts grow proportionally to each other and to the overall size of the plant (see GAYON, 2000; GOULD, 1971; MONSERUD and MARSHAL, 1999) . Large plants have larger branch, trunk and root fresh and dry weight than small plants. Consequently, variation in absolute weight is a result of variation in plant size not variation in biomass allocation. To analyse variation in biomass allocation, the absolute partition weight could be adjusted for allometric relationships with the overall seedling biomass depending on the design of the experiment. Alternatively, analysis could be made on the ratio of partition weight to the overall seedling weight. In either case, the objective is to make variation in biomass allocation as independent of the overall seedling size as possible.
In this article, we present results from a retrospective greenhouse progeny test of white spruce (Picea glauca (Moench) Voss) in Alberta, Canada. The objectives were to (1) determine the heritability of biomass production and its allocation to shoot and root compartments, (2) estimate genetic, phenotypic and environmental correlations between biomass traits and primary seedling variables, and (3) determine the genetic correlation between biomass production in greenhouse seedlings and 10-and 11-year height of progenies from the same families at two field sites. We hypothesised that due to the allometric nature of plant growth, biomass allocation has lower heritability than biomass production and other growthrelated traits.
Materials and Methods

Test Material and Experimental Procedures
The 58 families involved in the greenhouse study were collected as open-pollinated seedlots from the Peace River region in northwestern Alberta, Canada. The sampled region is located at 54°31' -58°03' N, 117°35' -119°22' W, and 365 -945 metres above sea level. These families were earlier included in the progeny study at Chinchaga (57°50' N, 118°12' W and 470 metres above sea level) and Saddle Hills (55°31' N, 119°40' W and 914 metres above sea level). At both sites, the experimental design was a randomised complete block with 6 blocks and 6-tree row plots. Spacing between trees was 2.5 x 2.5 metres. These trials were measured for 10-and 11-year height from seeds.
Between 1996 and 2000, a greenhouse retrospective progeny test was conducted at the University of Alberta in Edmonton to estimate among other things, the correlation between greenhouse traits and field growth. The experimental layout was a randomised complete block design with single-tree plots and 30 blocks. The growth medium was a 2:1 (volume) peat moss to vermiculite mixture with 5.0 g L -1 of lime added to maintain the pH at about 5.0. Seed germination and seedling growth were conducted in the same 700 ml styroblocks. Seedlings were raised at an extended photoperiod of approximately 20 hours per day from a combination of natural and artificial light. The temperature was set at 23°C day and night.
The experiment was carried out for three growing seasons of 18 weeks each from May to late August each year. At the end of the first and second growing seasons, seedlings were kept outside the greenhouse in protected sheds for over-wintering, which extended from September of the current year to April of the following year. Seedlings were watered once a day and fertilised once a week during the growing season. The pH of the growing medium was periodically monitored to maintain it at about 5.0.
At the end of the 54 th week, all seedlings visually judged to have maintained active growth throughout the experiment and that retained their shoot were harvested and partitioned into roots, main stem and branches. To extract the roots, the potting media containing the roots were enclosed in a fine wire mesh, tumbled to loosen contacts between roots and soil, then washed with tap water to remove the soil until only clean roots remained. Roots were then air-dried on greenhouse benches for 24 hours to remove surface water before being weighed to obtain green weight. All seedlings in the same experimental block were harvested and processed in the same day. Prior to oven drying, all seedling partitions were weighed on an electronic scale to obtain green weight. All plant parts were then ovendried to constant weight at 110°C for 72 hours. Dry weight of partitions was recorded and partitions were stored in a dry place for future reference. Seedling green and dry weight partitions and other traits covered in this article are described as follows:
GB -green weight for branches (stems and needles), GS -green weight for main stem (stem and needles), GR -green weight for roots, TGW -total green weight (GB + GS + GR), DB -dry weight for branches (stems and needles), DS -dry weight for main stem (stem and needles), DR -dry weight for roots, TDW -total dry weight (DB + DS + DR), PGB -branch green weight as a fraction of total green weight (GB/TGW), PGS -stem green weight as a fraction of total green weight (GS/TGW), PGR -root green weight as a fraction of total green weight (GR/TGW), PDB -branch dry weight as a fraction of total dry weight (DB/TDW), PDS -stem dry weight as a fraction of total dry weight (DS/TDW), PDR -root dry weight as a fraction of total dry weight (DR/TDW), RSR -dry weight root to shoot ratio (DR/(DB+DS)), SI -Stem Index (DS/(DB+DS)), H36 -36-week seedling height, D36 -36-week root collar diameter, BL -36-week branch length, D54 -54-week root collar diameter.
All weight and linear measurements are in gram (g) and millimetres (mm), respectively.
In the present seedling data, the correlation for DB, DS and DR with TDW was respectively, 0.96, 0.92 and 0.97 for individual seedlings. When dry weight of seedling partitions was expressed as fraction of the total seedling dry weight, the correlation for PDB, PDR and PDS with TDW was 0.33, 0.39 and 0.61, respectively. This shows that weight ratios are not as dependent on seedling size as absolute weight and could provide better indication of variation in biomass allocation than analysis of absolute weight. It has long been observed that organ weights are related to total weight by the power function defined as Y i = aX b i where Y i is organ weight, X i is total weight, a is an intercept and b is the scaling or allometric parameter (GAYON, 2000; WHITE and GOULD, 1965; GOULD, 1971; MONSERUD and MARSHAL, 1999) . The parameter b calculated for family plots could be used in the analysis of covariance to adjust for allometric relationship between partition weight and total seedling weight (seedling size). In the present study, however, the parameter b could not be calculated for family plots due to the single-tree plot design. Instead, analysis of weight ratios was considered sufficient for examination of biomass allocation.
Data Analysis
Before the analysis, the data were examined and conformed to the normality and homogeneity of variance assumptions required for the analysis of variance. The following statistical model was fitted to all original and biomass-derived traits using the general linear models procedure (PROC GLM) in SAS (SAS INST. 2004 ).
[1]
where Y ij = response for jth family in ith block, µ = general mean, B i = effect due to ith block, F j = effect due to jth family, E ij = residual for jth family in ith block. Except for the mean, all effects were considered random, with the mean zero and the variances σ
(family) and σ 2 e (residual). Individual-tree heritability (h 2 i ) and heritability for family means (h 2 f ) were calculated as follows:
where, k is average number of seedlings per family, and variance components are as previously defined. The use of 3 instead of 4 for the coefficient of relationship to calculate the additive genetic variance from the half-sib family variance (σ 2 f ) was meant to account for the family structure, because white spruce is self-fertile and inbred seedlings exhibit no inbreeding depression until later in life (FOWLER and PARK, 1983; PARK et al., 1984) . Standard errors for h 2 i and h 2 f were calculated as described by BECKER (1975) and WRIGHT (1976) , respectively. The additive genetic (r a ), phenotypic (r p ) and environmental (r e ) correlation coefficients were calculated as follows:
where r xy is r a , r p or r e correlation between trait x and y; σ xy is the additive genetic, phenotypic or environmental covariance between trait x and y; σ x and σ y are respectively, square roots of the additive genetic, phenotypic or environmental variance components of trait x and y. Variance and covariance components for calculation of heritability and correlation coefficients were obtained by equating the mean squares from PROC GLM to the expected mean squares and solving for the variance components.
The genetic correlations between seedling traits in the greenhouse and field height were calculated using the mean squares from the combined greenhouse-field analysis of variance as described by ROBERTSON (1959) . To do this, data from the greenhouse and the field were converted to standard units by subtracting from each observation the general mean and dividing by the standard deviation. The following analysis of variance model was then fitted using PROC GLM treating the field and greenhouse experiments as two different experimental sites. (4) where Y ijn = measurement on nth tree in jth family in ith site, S i = effect of the ith site (field or greenhouse), FS ij = interaction of the jth family and ith site, E ijn = residual. The greenhouse-field genetic correlation was then calculated as: (5) where, r a = greenhouse-field additive genetic correlation, MS = mean squares, and subscripts F, FS, and E stands for family, family x site and residual, respectively. B, GS and GR -green weight for branches, main stem and roots; TGW and TDW -total green and dry weight; PGB, PGS and PGR -green weight for branches, main stem and roots as fraction of total green weight; DB, DS, DR -dry weight for branches, main stem and roots; TDW -total dry weight; PDB, PDS and PDR -dry weight for branches, main stem and roots as fraction of total dry weight; RSR -r oot-to-shoot ratio; SI -stem index; σ 
Results and Discussion
Biomass Allocation Table 1 shows the overall mean and range of family means for PDB, PDS and PDR. Branches were the largest sinks of photosynthates, with 39.0 % of the biomass allocated to them. In addition, 31.0 % of the biomass was allocated to the roots, indicating that belowground growth constituted a substantial component of the plant even in the stable mineral-and moisturereach environment of the greenhouse. Furthermore, 29.0 % of the biomass was allocated to the main stem. If this percentage of the main stem biomass were to be maintained to tree maturity, less than 30 % of the biomass accumulated over the tree lifetime would be useful for timber production when taper is factored in. The mean RSR of 0.46 (0.41-0.52) indicates that an approximate ratio of 1:2 existed between above and belowground biomass ( Table 1) . Although this does not indicated that the balance existed between the two seedling partitions, it shows that even in the resource-reach environment of the greenhouse a large root biomass is needed to support aboveground growth. The large root biomass is required to anchor the plant and absorb minerals and water needed for aboveground biological processes.
Overall, root dry weight (DR) was 80.7 % of branch dry weight (DB). At the time of assessment, seedlings had poorly developed taproots. For such seedlings, we can expect much of the roots to contribute to absorption of water and minerals. On the contrary, for seedlings with well-developed branches as it were in this study, we may expect a limited branch biomass to contribute to transpiration and photosynthesis. Therefore, functionally, a near perfect balance may be expected in the present study between the branch partition exhibiting transpiration and photosynthesis and the root system absorbing moisture and minerals. Such a balance between the shoot and root systems is physiologically expected. In a stable environment that favours growth, a functional equilibrium exists between shoot and root growth. An increase in shoot growth often is accompanied by a proportional increase in root growth and vice versa (CANNELL, 1985) . When resources are limited, plants allocate resources preferentially between roots and shoots. A limitation in light for photosynthesis prompts the plant to allocate more resources to shoot growth, whereas limitations in moisture and nutrients divert more resources to root growth (POORTER and NAGEL, 2000) . This preferential growth of plant organs in response to resource limitations increases the ability of the plant to extract more of the limited resources (SMITH, 1996) . More importantly, organ-specific preferential growth enables the plant to maintain the functional balance between the shoot and roots by periodically adjusting the size of one compartment relative to the other. Table 1 shows percentages of variance components, the F-test and heritability estimates for measured and derived traits. Genetic variation and heritability were slightly higher when calculated from dry weight than green weight. Main stem weight had the lowest heritability, especially when calculated from green weight (GS). There were high similarities in the percentages of the family variance (σ 2 f ) for green weight allocation where the variances were 5.91% (PGB), 6.18 % (PGS) and 5.34 % (PGR). The corresponding values for dry weight allocation were 7.55 % (PDB), 7.03 % (PDS), and 6.20 % (PDR), which also shows that genetic variation in biomass allocation is better detected using dry weight than green weight.
Genetic Variation and Heritability
The heritability values of biomass production and allocation were generally moderate (h 2 i < 0.36 and h 2 f < 0.54). Considering the size of the standard errors, variation in biomass production and its allocation to shoot and root components were under low genetic control. Similar low heritability values for biomass production were observed in lodgepole pine (Pinus contorta Dougl.) (WU and YEH, 1997), white spruce (KHALIL, 1985) , Scotch pine (Pinus sylvestris L.) (VELLING and TIGERSTEDT, 1984) , trembling aspen (Populus tremuloides Michx.) (LEHN and HIGGINBOTHAM, 1982) , and Norway spruce (Picea abies (L.) Karst.) (SONESSON et al., 2002; MARI et al., 2003; SONESSON and ERIKSSON, 2003 These studies also showed that heritabilities for biomass production tended to vary considerably under different experimental conditions. For example, in Norway spruce, SONESSON et al. (2002) showed that h 2 i were higher at high temperature and high moisture than at low temperature and low moisture. A combination of high moisture and low temperature yielded higher h 2 i than a combination of high temperature and low moisture. In contrast, SONESSON and ERIKSSON (2003) found that for Norway spruce, heritabilities were higher in drought stressed trees than well-watered ones. SURLES et al. (1995) , on the other hand, found that for Pinus elliottii Engelm. h 2 f was very high at both low and high nitrogen treatments. In E. grandis and E. globulus, heritability values differed greatly between salt and moisture treatments (MARCAR et al., 2002) . For the present study, heritabilities were estimated at the light, nutrient and watering regime used to raise white spruce seedlings for operational reforestation in Alberta. Therefore, they are considered reliable for practical selection in a tree improvement context in Alberta.
The RSR was the least genetically variable of all traits analysed in this study. The family variance for RSR was 5.63 % of the total variance ( Table 1) . The low genetic variance and heritability for RSR observed in the present study is consistent with what has been observed in other conifers (WU and YEH, 1997; SONESSON and ERIKS-SON, 2000; MARI et al., 2003; SONESSON et al., 2002) . The functional balance between shoot and root systems (see CANNELL, 1985; POORTER and NAGEL, 2000) implies that RSR should vary little among genotypes, resulting to low heritability.
The high RSR is considered essential in drought tolerance, because it indicates a high moisture extraction capacity of the roots relative to the transpiring shoots. Therefore, selection and breeding for high RSR could improve drought tolerance. However, low heritability for RSR implies that selection may not be an effective way of changing RSR. The natural functional balance between shoot and root biomass also implies that artificial and natural selection cannot significantly alter RSR as long as the shoot and root systems are interdependent. Even if selection for RSR were effective, breeding to increase the root biomass while restricting shoot growth would not be attempted for a plantation whose end product is wood. Therefore, instead of breeding, silvicultural methods such as root pruning to promote lateral root growth, regulation of nitrogen (N), phosphorus (P), potassium (K) and other mineral nutrients to promote root development while limiting shoot growth (MARSCHNER et al., 1996; MCDONALD et al., 1996; GLIMSKAR and ERICSSON, 1999) could be used. These methods could alter the relative size of the root and shoot systems at a critical field establishment time, allowing seedlings to acquire enough moisture and nutrients with limited transpiration. Such alteration of seedling architecture is temporal and non-genetic, designed only to facilitate seedling survival in low moisture environments until a well-functioning root system is established.
In this study, SI expressed as a ratio of DS to the total aboveground dry weight was approximately 0.43 (Table  1) . This conversion ratio suggests that on average, 43 % of the shoot biomass was allocated to a potentially harvestable part of the tree. Elsewhere (see BENOWICZ and EL-KASSABY, 1999; VELLING and TIGERSTEDT, 1984; WU and YEH, 1997) , this ratio has been called the harvest index (HI), a term not used in this article because SI in forest trees does not have the same meaning as HI in agricultural crops. In this study, heritability for SI was relatively higher than most of the traits examined ( Table 1 ) and similar to that observed in lodgepole pine by WU and YEH (1997) . The present heritability for SI was lower than that reported by VELLING and TIGERST- EDT (1984) in Scotch pine. BENOWICZ and EL-KASSABY (1999) reported a much higher heritability (0.92 ± 0.36) for this trait in mountain hemlock, which suggests that selection for SI could result in large genetic gains.
There are, however, biological and practical limitations in the breeding for high SI in forest trees. In grain crops, HI is the ratio of grain with aboveground (grain + straw) biomass. Therefore, HI measures the reproductive against vegetative growth potential, which are two distinct processes occurring at different times in the life cycle of an annual plant. In trees, growth in the main stem and branches are part of the same process of shoot growth and occur simultaneously. These two parts of the tree are also interdependent given high genetic (r a ≈ 0.95), phenotypic (r p ≈ 0.86) and environmental (r e ≈ 0.86) correlation between DS and DB ( Table 2) . Thus, because the tree trunk is a sink for photosynthates from the branches, DS will increase in proportional to the increase in DB and TDW. Genetic improvement for HI in grain crops has been achieved through development of dwarf high yielding cultivars (POEHLMAN and SLEPER, 1995) , because the desired product is grain and not straw, and grain production in cereal crops is dependent on the two uppermost leaves. This cannot be achieved in forest trees where the harvestable product is part of the vegetative biomass.
Instead of direct selection, SI could be indirectly improved by breeding for self-pruning. This study showed that on average 58 % of shoot biomass was allocated to branches. Due to self-shading, leaves on older branches contribute little to photosynthesis. Such leaves, become sinks for photosynthates from young branches and waste energy through respiration. Breeding for self-pruning could eliminate such sinks, allowing more photosynthates to be allocated to the main stem to increase SI. Breeding for self-pruning is essentially breeding for optimum leaf area index (LAI), allowing leaves to contribute fully to photosynthesis while wasting less energy to respiration. Table 2 shows that correlations among seedling partitions were 0.94 -0.96 (r a ), 0.81-0.91 (r p ) and 0.83-0.91 (r e ). Likewise, the genetic correlation between green and dry weight for the same traits was approximately 1.0, while the other correlations ranged from 0.98 to 0.99 (r p ) and 0.98 to 1.0 (r e ). Thus, the use of green weight may not change the order families are ranked for dry weight. The perfect correlation between green and dry weight for the same traits could be useful in selection to improve biomass production and allocation in trees. Although heritabilities were lower for green weight than Table 2 . -Correlation coefficients between biomass traits and biomass with primary seedling traits. r a , r p , r e -genetic, phenotypic and environmental correlation, respectively; GB and GS -green branches and main stem, respectively; DB, DS and DR -dry branches, main stem and roots; TGW and TDW -total green and dry weight, respectively; H36 -36-week seedling height; D54 -54-week root collar diameter; BL -36-week branch mean branch length; All Person's correlations for family means are significant (P ≤ 0.0001). dry weight (Table 1) , the perfect genetic correlations between the two shows that selection based on green or dry weight could produce the same realised gain, because the same families could be selected. Processing and oven drying of plant parts is tedious, especially for large trees. This could limit the sample size and reduce accuracy in the estimation of genetic parameters and subsequently, prediction of genetic gains. Therefore, assessing variation in green weight is the only viable alternative to dry weight if adequate genetic correlation between the two can be established.
Correlation Coefficients
The correlation between seedling partition dry weight and seedling primary traits such as height, root collar diameter and branch size could be used to simplify collection of biomass data. Instead of harvesting and drying all seedlings, dry weight could be obtained only for a random sample of seedlings per family. Allometric equations could then be developed between these dry weight and seedlings primary traits. Using these allometric equations, dry weight for the remaining seedlings could be estimated from their primary traits as predictor variables, thus allowing for acquisition of a sufficient sample size for genetic analysis. Table 3 shows that the genetic correlations between greenhouse biomass traits and field height were low and negative. Considering the standard errors, these correlations are not far from zero. The corresponding Pearson's correlations for family means were also very low and negative (Table 3) . Therefore, indirect early selection for field height using dry weight production in the greenhouse may not be effective. Similar low negative genetic correlation between seedling biomass traits and field height were found in loblolly pine (Pinus taeda L.) by LI et al. (1991) and Norway spruce (SONESSON et al., 2002) . In Scotch pine, JONSSON et al. (2000) found that genetic correlations between seedling biomass and field height were lower at dense than at wide spacing. Dry weight is a composite variable of height, diameter and wood density, which is a function of wood structure and chemistry. Therefore, the lack of correlation between greenhouse biomass and a single primary field trait such as height is not surprising.
Greenhouse-Field Correlation
Conclusion
Genetic analysis of height and diameter has provided useful information for selection and breeding for volume production. However, studies of these simple traits do not allow us to examine the overall variation in tree growth, because growth is a multidimensional variable. Analysing dry weight and its partitioning to the different tree compartments can do this. From the present analysis of green and dry weight, we have concluded the following, (1) biomass production and allocation to roots, main stem and branches exhibited low to moderate heritability considering the young age of the seedlings. This is in contrast to high heritabilities for height (RWEY-ONGEZA et al., 2004) , root collar diameter and branch length (RWEYONGEZA, 2002) for the same experiments. Because growth of tree organs is proportional to the size of the tree and individual organs exhibit allometric relationships with each other, variation in biomass allocation tends to be more environmentally rather than genetically determined, (2) root dry weight was highly correlated genetically, phenotypically and environmentally with shoot dry weight traits. This confirms that a functional equilibrium existed between shoot and root growth. Hence, selection for high RSR may not be an effective way to improve drought tolerance in white spruce from Alberta. Instead, silvicultural manipulation of the nursery stock could be more effective in improving RSR than tree breeding, (3) when analysed as a fraction of the total seedling weight, biomass allocation, especially for the branch and root partitions, exhibited lower heritability than when analysed on absolute measurements. This confirms that analysis of absolute weight to represent biomass allocation fails to recognise the allometric dependence of partition weight to total seedling size (weight), thus leading to overestimation of heritability, (4) heritability for biomass production was underestimated when calculated using green weight as opposed to dry weight. However, the genetic correlation between green and dry weight was near perfect, suggesting that the use of green weight in place of dry weight would lead to selection of the same families. Therefore, it is safe to use genetic parameters from green weight for selection to improve dry weight, (5) the relationship between biomass and primary tree traits Table 3 . -Genetic correlation between seedling dry weights in the greenhouse and field height growth. r a -genetic correlation; r f _ -Pearson's correlation for family means; H10 and H11 -field height at 10 and 11 years; DB, DS, DR and TDW -dry weight for branches, main stem, roots and whole seedling. All r f _ are not significant (P > 0.05).
such as height and diameter provides the opportunity to simplify the collection of dry weight data in large experiments. Instead of harvesting and weighing all trees, a representative destructive sample of trees could be used to develop partition-specific allometric equations and use them to estimate dry weight of the remaining trees with height or diameter as predictor variables, (6) there was poor genetic correlation for greenhouse biomass production with 10-and 11-year height at two field sites for the same families. If family ranking persist on these field sites, seedling biomass production in indoor trials may not be useful in identifying families that would be superior in height growth at the rotation age.
